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Abstract
During massive Asian dust episode for 1{2 April
2007, mass concentration of suspended particulate mat-
ter (SPM) rapidly began to increase in the morning on
1 April from coastal side of the Japan Sea. For the day-
time 1 April, while rapid SPM increase and extreme high
concentrations observed in Hokuriku and Tohoku, SPM
concentrations in Kanto remained low level and increased
from late afternoon. Ground lidar observation and raw-
insonde sounding in Hokuriku show that the top height
of dust layer ( 2 km) approximately correspond to the
base of temperature inversion. In Kanto, SPM increase
began from east coast and then it advanced westward af-
ter 15 LT with easterly wind. The CloudSat/CPR and
CALIPSO/CALIOP observations show that clouds over
mainland Japan and the Japan Sea was found in the
upper-level (> 6 km). Continuous meteorological obser-
vations show that cloud condensation and rainfall was not
observed over mountains for the daytime 1 April. These
results suggest that the temporal delaying of SPM in-
crease in Kanto was caused by an indirect dust transport.
keywords: Asian dust, indirect transport, temperature
inversion
1. Introduction
During 31 March{2 April 2007, a massive dust episode
observed over East Asia. The maximum PM10 concentra-
tion exceeded 1000 gm 3 in Seoul, Korea (Park et al.
2010) and 700 gm 3 in Banryu, western Japan (Yumi-
moto et al. 2008). The dust plumes brought extremely
high concentration of dust, however, spatial and temporal
variations of dust concentrations showed complex features
in Japan.
Takahashi et al. (2010) indicate that delaying dust
transport in Kanto was caused by a stably stratied layers
near the ground. Tsunematsu et al. (2009) also suggest
that surface-based stable layer prevent a downward trans-
port of elevated dust to the ground level. However, their
conclusion have been deduced from limited observational
data and not fully discussed other processes. As shown in
Han et al. (2004), wet deposition process play an impor-
tant role for scavenging dust particles in a downstream
area.
The main objective of this paper is to identify major
cause(s) for delaying dust transport in Kanto, Japan. To
show regional-scale characteristics about spatial distribu-
tions and its temporal changes of dust concentrations, we
use operational air-quality monitoring data in Japan.
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Fig. 1: Geographical locations of observatories. Square sym-
bols: upper-air sounding sites (Fukuoka, Yonago, Wajima,
Tateno (Tsukuba)); Star: Lidar observatories (Toyama and
Tsukuba). "H" represents EANET site (Happo).
2. Data
Aerosol mass concentrations of SPM observed about
1300-site in Japan. Due to the dierence of cut-o prop-
erty of particles between PM10 (50% cut-o at 10m) and
SPM (100% cut-o at 10m), SPM monitoring value is
approximately PM7 (Minoura et al. 2006).
The meso-scale model of grid point value (GPV-MSM)
data distributed by the Japan Meteorological Agency
(JMA) is used in this study. The pressure level data have
3-hourly temporal interval and 0:1  0:125 horizontal
resolution around Japan (22.4{ 47.6N, 120{ 150E).
To identify a vertical proles of cloud and dust
particles, we use a combined products between
CALIPSO/CALIOP and CloudSat/CPR that is pro-
vided by the Research Institute for Applied Mechanics
(RIAM), Kyushu University (hereafter RIAM-CALIPSO
products). The classication procedure for cloud particle
types is fully documented in Yoshida et al. (2010).
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Fig. 2: Hourly SPM concentration in central Japan at (a) 21 LT on 31 March, (b) 09 LT, (c) 15 LT, and (d) 21 LT on 1 April
2007. Vectors show a 925-hPa horizontal wind of the GPV-MSM data. Rainfall intensity (light blue square) is obtained by
AMeDAS observatories. Gray shade show a topography of GPV-MSM.
We also use a non-spherical (dust) extinction coe-
cient of ground lidar observations which is maintained
by the National Institute for Environmental Studies,
Japan. The algorithm and estimation scheme for sepa-
rating spherical/non-spherical particles is referred from
Shimizu et al. (2004).
3. Results
Figure 2 show a horizontal distribution of SPM con-
centrations in central Japan (Honshu island). SPM con-
centrations begin to increase in the morning April 1 over
western Japan and coastal area along the Japan Sea after
frontal rain (Figs. 2a, b). At 09 LT (Local time. 9-hour
advancing from UTC) on 1 April (Fig. 2b), the maxi-
mum SPM concentration inside the area is 209 gm 3
in Hokuriku (Region A shown in Fig. 2d). By 15 LT on
1 April, high SPM sites (SPM  100 gm 3) advance
eastward extending from western Japan, Hokuriku, and
southern Tohoku (Region B). On the other hand, high
SPM sites are not observed in Kanto (Region C). At 21
LT on 1 April, high SPM sites are widely observed in
Kanto (Fig. 2d). The high SPM sites are rstly observed
at 19 LT along the eastern part of Kanto and subsequently
moved to the inland area under easterly wind condition
(not shown).
Figure 3 show an areal SPM concentrations in Region
A{C. The median, maximum, and 25- and 75-percentile
concentrations are determined in hourly by using all ob-
servatories inside the area. Hourly rainfall intensity and
surface wind at the nearest meteorological observatories
from lidar site (Toyama, Sendai, and Tateno in Region
A, B, and C, respectively) are also plotted. In Region A
(Fig. 3a), median SPM rapidly increase from 36 gm 3
(08LT) to 119 gm 3 (10LT) within two hours. The max-
imum median SPM recorded 175 gm 3 at 19 LT and
decreased gradually after that. The temporal dierence
between the end time of frontal rain and beginning time
of SPM increase is approximately 10 hours in Region A.
In Region B, which locate in approximately 300 km east
of Region A and 200 km north of Region C, the median
SPM concentrations have also exceeded 100 gm 3 at 13
LT and continued to 16 LT. The maximum median SPM
in Region B is 113 gm 3 at 16LT 1 April. The temporal
dierence between frontal rain and SPM increase is ap-
proximately 8{10 hours. On the other hand, the median
SPM in Region C have remained low concentration levels
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Ambient environmental observattion site
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2007-04-01T19:00:00     175 [ 134 -  192]
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(b) Tohoku (60-site)
Ambient environmental observattion site
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(c) Kanto (304-site)
Ambient environmental observattion site
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Fig. 3: SPM time series in (a) Hokuriku, (b) Tohoku,
and (c) Kanto during 31 March { 3 April. Solid and
dashed lines shows median, 75- and 25-percentile of SPM
concentrations, respectively. Star mark: areal maximum
concentration. Hourly rain intensity (downward bar) and
surface wind (barb) at JMA observa ory re also plotted.
around 30 gm 3 during the daytime and increased over
60 gm 3 after 20 LT (Fig. 3c).
Figure 4 show a time-height section of dust extinc-
tion coecient at Toyama and Tsukuba. Contour lines
show the potential temperature at the nearest grid point
obtained from GPV-MSM. At Toyama (Fig. 4a), which
locate in a coastal side of the Japan Sea, we can identify
two dust layers in the daytime 1 April. The upper one
locate above 3 km with weak dust extinction coecient.
The lower one can be clearly identied below 2 km that
potential temperature is colder than 295 K. The dense
dust layer are identied below cloud after 03 LT and then
it come down the ground after 09 LT on 1 April. Mean-
while, two weak dust layers are also identied at Tsukuba
(Fig. 4b) in 3{4 km (  310 K) and around 1 km above
－ 104 －
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Fig. 4: Time-height section of dust extinction coecient (color) and  (contour; 2.5K interval) at (a) Toyama and (b) Tsukuba
during 18 LT 31 March { 12 LT 2 April 2007. black: cloud, gray: above-cloud.
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Fig. 5: Vertical pro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ground (  295 K). Yumimoto et al. (2008) suggest that
the upper dust layer is originated from the Taklimakan
Desert. Considering a potential temperature of the lower
dust layer at Tsukuba, it may be originated from the up-
per part of the dense dust layer in Toyama
As shown in Figs. 2 and 3, there are two interest-
ing characteristics for SPM concentrations in Kanto: (1)
SPM increase delayed compared to the adjacent area, (2)
SPM remained low concentration level during the daytime
1 April. The main cause(s) of the spatial and temporal
variations of SPM concentrations in Kanto will be dis-
cussed in the following section.
4. Discussion
Considering the results mentioned above and previous
studies, we briey focused on the following three processes
for occurring a characteristic spatial and temporal varia-
tions of SPM in Kanto: (1) preventing downward trans-
port of dust particles by a stably stratied layer (Taka-
hashi et al. 2010; Tsunematsu et al. 2009), (2) wet depo-
sition (Han et al. 2004), and (3) indirect transport going
around the Central Mountains in Japan.
Firstly, we examine a possibility of a preventing down-
ward dust transport from elevated dust layer in Kanto. As
shown in Fig. 4a, potential temperature () for the main
dust layer at Toyama is cold below  < 290 K throughout
the dust period. Moreover, the main dust layer is capped
by a temperature inversion layer. Figure 5 show vertical
proles of , equivalent potential temperature (e), and
saturated equivalent potential temperature (e) at 09 LT
on 1 April in Japan (see Fig. 1). The inversion layers
(gray shading) are identied by a vertical temperature
lapse rate (T=z > 0) and its thickness (z  200).
Strong temperature inversions are clearly found in coastal
stations along the Japan Sea. Though base heights of in-
version layers increase with eastward advancing (Fukuoka:
839 m, Yonago: 1405 m, and Wajima (lower layer): 2062
m), the inversion base have same potential temperature
approximately 290 K. The main dust layers are placed
under the inversion base in the side of Japan Sea. Since
the Central Mountains in Japan have 1500{2000 m height,
most of the dust particles can not go across the mountains.
Therefore, preventing vertical mixing for the daytime 1
April is not a primary cause for delaying SPM increase in
Kanto.
Second, we discuss an inuence of wet deposition. In
the Japan Sea side, westerly wind is dominant in the dust
layer. Since high mountains (approx. 2000 m) in western
and northern part of Kanto blocked dust contained air-
mass, dust particles may be scavenged by condensation
or rainfall processes along a mountain slope. From visi-
ble satellite image, dense cloud widely covered over Japan
(Fig. 6a). However, precipitation radar and ground-level
rain gauges did not observe rainfall over central Japan
(including Hokuriku and Kanto) during the daytime 1
April (not shown). Figure 6b show a vertical prole of
clouds and dust particles. Asian dust, which is catego-
rized as "3-D ice" in the RIAM-CALIPSO cloud particle
type dataset, locate over the Japan Sea along   290K
surface. On the south of Japan, water cloud can be iden-
tied in near-surface level. Height of upper clouds above
mainland Japan and Japan Sea is ranging from 6 to 11-
km above mean sea level. Due to a ground clutter, Cloud-
Sat/CPR can not obtain an eective signal within 1 km
above ground. Therefore, CloudSat observation is hard
to detect a cloud along mountain slope. Figure 7 show
that time series of PM10, rainfall, wind, and relative hu-
midity (RH) at Happo (z = 1850 m). After frontal rain-
fall, PM10 increases with time on 1 April. During the
daytime, a dry air-mass (RH < 30%) is observed under
westerly-northwesterly wind condition. The dry air con-
dition is also observed in the other in-situ observatories
over mountainous area during the daytime (not shown).
These results suggest that wet deposition is not a pri-
mary process providing a temporal delay of SPM increase
in Kanto during the daytime April 1.
5. Conclusions
During the massive Asian dust episode for 1{2 April
2007, SPM concentrations in Kanto showed low-level (
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Fig. 6: (a) Aqua/MODIS visible image on 1 April, 2007. (b)
Vertical proles of radar reectivity (colo ; dBZe),  (contour),
and cloud particle type (symbol; see Yoshida et al., 2010) along
the green line in Fig. 6a.
40 gm 3) and increased later in the evening under east-
erly wind condition. The main dust layer in a windward
of the Central Mountains is capped by the strong tem-
perature inversions below 2 km (Fig. 4a and 5). The
capped dust layer are also reported in previous studies
(e.g., Arao et al. 2006). Additionally, a dry condition in-
side the capped dust layer is hard to form cloud droplets
and rainfall along mountain slope. These results indi-
cate that temporal delaying of SPM increase in Kanto is
caused by a indirect transport of low-level dust which is
going around the Central Mountains in Japan. Since this
study is just a case study, the occurrence frequency of an
indirect transport can not discussed. Further studies will
be required for using long-term observational data.
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